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(54) CATALYST FOR PURIFYING EXHAUST GAS AND PURIFYING SYSTEM 
CONSTITUTED BY USING IT 

(57)Abstract: 

PURPOSE: To obtain a catalyst for purifying exhaust gas which is capable of simultaneously 
removing three components of CO, HC and NOx at a small amount without using rhodium by 
carrying a catalytic active component consisting of titanium oxide, silicon oxide and the other 
oxide on a carrier having a monolithic structure. 

CONSTITUTION: A catalyst for purifying exhaust gas described below is obtained by carrying 
a mixture of a catalytic active component consisting of 0.5-30g palladium, 0.1 -50g alkaline 
earth metal oxide, 10-150g cerium oxide, 0.1 -50g zirconium oxide, 1-1 50g titanium oxide and 
0.05-50g silicon oxide for 11 of the catalyst and 10-300g activated alumina on a carrier having 
a monolithic structure. The catalyst for purifying exhaust gas is used for simultaneously 
removing carbon monoxide, hydrocarbons and nitrogen oxide from the exhaust gas of an 
internal combustion engine. Thereby both purification capacity of NOx in a state rich in the 
exhaust gas of the engine and purification capacity of CO, HC and NOx wherein the 
composition of gaseous fuel is close to a stoichiometric ratio are remarkably enhanced. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]To 1 I. of catalysts, the palladium 0.5-30g, the alkali earth metal oxides 0.1 -50g, The 
cerium oxides 10-150g, the zirconium oxides 0.1 -50g, A catalytic activity ingredient which 
consists of the titanium oxide 1-1 50g and the silicon oxides 0.05-50g, And a catalyst for 
exhaust gas purification for removing carbon monoxide, hydrocarbon, and nitrogen oxides from 
exhaust gas of an internal-combustion engine which supports a mixture which consists of the 
activated alumina 10-300g to a monolith structure carrier simultaneously. 
[Claim 2]The catalyst for exhaust gas purification according to claim 1 in which, as for this 
cerium oxide and this zirconium oxide, at least a part exists as a composite or a solid solution. 
[Claim 3]The catalyst for exhaust gas purification according to claim 1 whose ratios (oxide 
conversion weight ratio) of this cerium oxide to this zirconium oxide are 100:2-100:60. 
[Claim 4]The catalyst for exhaust gas purification according to claim 2 in which the crystallite 
diameter is 250 A or less after calcinating at least some composites or solid solutions of this 
cerium oxide and this zirconium oxide in the air at temperature of 900 ** for 10 hours. 
[Claim 5]At least some composites or solid solutions of this cerium oxide and this zirconium 
oxide, The catalyst for exhaust gas purification according to claim 2 whose oxygen 
consumption in 400 ** after hydrogen reduction for 30 minutes is more than a this cerium oxide 
1g per 5x10 " 5 mol (0 2 conversion) at 500 ** after calcinating in the air at temperature of 900 ** 
for 10 hours. 

[Claim 6]As a catalyst by the side of exhaust-gas-flow ON, the catalyst according to any one of 
claims 1 to 5, An exhaust gas cleaning system which arranges a catalyst which supports a 
mixture which consists of a catalytic activity ingredient and a refractory inorganic oxide which 
consist of (a) rhodium and platinum or (b) rhodium, platinum, and palladium as a catalyst by 
the side of exhaust-gas-flow appearance to a monolith structure carrier. 
[Claim 7]As a catalyst by the side of exhaust-gas-flow ON, (a) rhodium and platinum, or (b) 
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rhodium, An exhaust gas cleaning system which arranges the catalyst according to any one of 
claims 1 to 5 for a catalyst which supports a mixture which consists of a catalytic activity 
ingredient and a refractory inorganic oxide which consist of platinum and palladium to a 
monolith structure carrier as a catalyst by the side of exhaust-gas-flow appearance again. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the catalyst for exhaust gas purification, and an 
exhaust gas cleaning system. When it states in detail, this invention relates to the catalyst for 
exhaust gas purification and exhaust gas cleaning system from which the carbon monoxide 
(CO), hydrocarbon (HC), and nitrogen oxides (NO**) which are the detrimental constituents 
contained in the exhaust gas from internal-combustion engines, such as a car, are removed 
simultaneously. 
[0002] 

[Description of the Prior Art]Various things are proposed about the catalyst for exhaust gas 
purification which removes the detrimental constituent in the exhaust gas discharged from an 
internal-combustion engine. 

[0003]generally having CO in that the palladium catalyst has high heat resistance or the 
oxidizing atmosphere (what is called Lean; - air/fuel (A/F) - the air side - a large) of engine 
exhaust gas gas and the high decontamination capacity of HC was known conventionally, on 
the other hand, as a problem, when engine exhaust gas gas is reducing atmosphere (what is 
called rich; - air/fuel (A/F) - the fuel side -- a large), it is mentioned that NOx decontamination 
capacity is low. Therefore, it is used as a three way component catalyst which purifies CO, HC, 
and NOx for the use only by the side of Lean, for example, the rhodium which has use or high 
NOx decontamination capacity as what is called an oxidation catalyst, simultaneously 
combining the above-mentioned palladium. 

[0004] However, since rhodium is very expensive, the amount of [ in / used / a catalyst 
component ] is wanted not to decrease or use it, but. Since it has the feature of having high 
NOx decontamination capacity, as an ingredient of the catalyst for exhaust gas purification 
which removes simultaneously carbon monoxide (CO), hydrocarbon (HC), and nitrogen oxides 
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(NO**), it is indispensable as an essential ingredient. 

[0005]Then, various catalysts are indicated as following about using a palladium catalyst as a 
three way component catalyst which purifies CO, HC, and NOx simultaneously. For example, 
after supporting palladium on alumina, they are a catalyst (JP,3-169342,A) which supports 
titanium oxide further, and a catalyst (JP,3-169344,A) which supports palladium, a lanthanum 
oxide, and titanium oxide on alumina. 

[0006] However, as for these catalysts, light-off performance and engine exhaust gas gas have 
practical various problems that the NOx purification performance by the side of rich is not 
enough etc. 
[0007] 

[Problem(s) to be Solved by the lnvention]Therefore, the purpose of this invention is to provide 
the new catalyst for exhaust gas purification and exhaust gas cleaning system. 
[0008]Without using rhodium, other purposes of this invention demonstrate catalyst 
performance higher than the used conventional catalyst system, and there are in providing the 
catalyst for exhaust gas purification and exhaust gas cleaning system which can remove three 
ingredients, CO, HC, and NOx, from the former simultaneously in a small quantity extremely. 
[0009] 

[Means for Solving the Problem]ln order that this invention persons may solve many above- 
mentioned purposes, as a result of inquiring wholeheartedly, palladium, By supporting a 
catalytic activity ingredient which consists of an alkali earth metal oxide, a cerium oxide, a 
zirconium oxide, titanium oxide, and a silicon oxide, and a mixture which consists of activated 
alumina to a monolith structure carrier, It not only has the catalyst performance equivalent to a 
three way component catalyst containing conventional rhodium, but, It not only can raise NOx 
purification performance by the side of [ exhaust gas which is a problem of a catalyst of a 
palladium system ] rich, but, A catalyst which can raise catalyst performance near the 
stoichiometry (a ratio of an air content which may burn fuel thoroughly, and its fuel quantity is 
said, and richness and Lean are specified for a value of A/F at this time as a center) is found 
out, and it came to complete this invention based on this knowledge. 
[0010]Many purposes of this invention to 1 I. of catalysts Namely, the palladium 0.5-30g, The 
alkali earth metal oxides 0.1 -50g, the cerium oxides 10-150g, A catalytic activity ingredient 
which consists of the zirconium oxides 0.1-50g, the titanium oxide 1-150g, and the silicon 
oxides 0.05-50g, And it is attained by catalyst for exhaust gas purification for removing carbon 
monoxide, hydrocarbon, and nitrogen oxides from exhaust gas of an internal-combustion 
engine which supports a mixture which consists of the activated alumina 10-300g to a monolith 
structure carrier simultaneously. 

[001 1]Many of other purposes of this invention receive 1 I. of catalysts as a catalyst by the side 
of exhaust-gas-flow ON, The palladium 0.5-30g, the alkali earth metal oxides 0.1-50g, The 
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cerium oxides 10-150g, the zirconium oxides 0.1 -50g, A catalyst which supports a mixture 
which consists of a catalytic activity ingredient and the activated alumina 10-300g which 
consist of the titanium oxide 1-150g and the silicon oxides 0.05-50g to a monolith structure 
carrier, It is attained by exhaust gas cleaning system which arranges a catalyst which supports 
a mixture which consists of a catalytic activity ingredient and a refractory inorganic oxide which 
consist of (a) rhodium and platinum or (b) rhodium, platinum, and palladium as a catalyst by 
the side of exhaust-gas-flow appearance to a monolith structure carrier. 
[0012]Many of other purposes of this invention as a catalyst by the side of exhaust-gas-flow 
ON (a) rhodium and platinum, or (b) rhodium, Again a catalyst which supports a mixture which 
consists of a catalytic activity ingredient and a refractory inorganic oxide which consist of 
platinum and palladium to a monolith structure carrier as a catalyst by the side of exhaust-gas- 
flow appearance, To 1 I. of catalysts, the palladium 0.5-30g, the alkali earth metal oxides 0.1- 
50g, The cerium oxides 10-150g, the zirconium oxides 0.1 -50g, It is attained by exhaust gas 
cleaning system which arranges a catalyst which supports a mixture which consists of a 
catalytic activity ingredient and the activated alumina 10-300g which consist of the titanium 
oxide 1-1 50g and the silicon oxides 0.05-50g to a monolith structure carrier. 
[0013] 

[Function]Hereafter, this invention is explained in detail. 

[0014]First, although the amount of the palladium used concerning this invention changes with 
service conditions of a catalyst, it is usually 0.5-25g preferably 0.5-30 g per I. of catalyst. When 
decontamination capacity is low when the quantity of palladium is less than 0.5g, and 
exceeding 30 g, the improvement in performance corresponding to an addition is not found. 
[0015]Although the position with which palladium is supported changes with the amount used 
and service conditions, independently, it is straddled and supported and it becomes a 
zirconium oxide, a cerium oxide, titanium oxide, a silicon oxide, or activated alumina. 
[0016]Next, although beryllium, magnesium, calcium, strontium, and barium are mentioned as 
alkaline-earth metals, at least one sort chosen from the group which consists especially of 
calcium, strontium, and barium is preferred. As a precursor of these alkaline-earth metals, any 
of an oxide, organic salt, and mineral salt may be sufficient, and it is not limited in particular. 
For example, there may be barium acetate, barium oxalate, a barium nitrate, barium sulfate, 
barium hydroxide, barium carbonate, etc., and they may be any of solution, gelatinous 
material, a suspended state thing, and a solid about the state. 

[001 7]0. 1-50 g per I. of catalyst of the amount of the alkali earth metal oxide used concerning 
this invention is 0.5-40g preferably. When decontamination capacity is low when the quantity of 
an alkali earth metal oxide is less than 0.1g, and exceeding 50 g, the improvement in 
performance corresponding to an addition is not found. 

[0018]Since an alkali earth metal oxide may be supported by any of a cerium oxide, zirconium 
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oxides, those composites or a solid solution, titanium oxide, a silicon oxide, or activated 
alumina, a preparing method in particular is not limited. 

[0019]the relation between an alkali earth metal oxide and palladium is those weight ratios (an 
alkali earth metal oxide/palladium) - 1:100-150:1 - it is 1:100-100:1 preferably. If the quantity 
of an alkali earth metal oxide becomes less than 1:100, the performance of 3 yuan will worsen, 
if a NOx purification rate is inferior and the quantity of an alkali earth metal oxide increases 
more than 150:1 especially, the addition effect over NOx will improve, but. A support ratio and 
a holding amount are restricted by the relation between the holding amount of other oxides 
etc., and the intensity of a catalyst. 

[0020]Next, although not limited especially as a cerium oxide, while it has been an oxide, it can 
use as a cerium oxide by calcinating water-soluble various salts etc. 
[0021]As for especially the amount of the cerium oxide used concerning this invention, 20- 
140g are preferred 10-150 g per I. of catalyst, when it is less than 10g, decontamination 
capacity is low, and when exceeding 150 g, a big effect is not seen even if it adds more. 
[0022]As a source of a cerium oxide used for this invention, if it may exist as a cerium dioxide 
(Ce0 2 ) in a catalyst, a starting material in particular will not be limited. For example, it is usable 

in commercial Ce0 2 , cerium carbonate, hydroxylation cerium, etc. Activated alumina may be 

made to carry out impregnating support of the solution, for example, cerium nitrate solution, of 
eerie salt. 

[0023]As an insoluble in water nature cerium compound, cerium oxide, hydroxylation cerium, 
cerium carbonate, etc. are mentioned. This insoluble in water nature cerium compound is used 
by the shape of impalpable powder. 

[0024]Especially as a zirconium oxide, although not limited, while it has been an oxide, it can 
use as a zirconium oxide by calcinating water-soluble various salts etc. 
[0025]When especially the amount of the zirconium oxide used concerning this invention has 
few effects when 1-50g are preferred 0.1-50 g per I. of catalyst and it is less than 0.1g, and it 
exceeds 50 g, purification performance falls. 

[0026]lt has [ the cerium oxide which the monolith structure carrier concerning this invention 
comes to support, and a zirconium oxide ] preferred things that one of them exists as a 
composite or a solid solution at least. Still more preferably, the ratios (oxide conversion weight 
ratio) of this cerium oxide to a zirconium oxide are 100:2-100:60, and are 100:4-100:40 
preferably. When this ratio of a cerium oxide increases more than 100:2, or when zirconium 
oxides increase in number more than 100:60, it becomes the tendency for catalyst 
performance to become low. 

[0027]Although the composite of a cerium oxide and a zirconium oxide or the preparing 
method of a solid solution is shown below, if at least one copy of these oxides comes to exist 
as a composite or a solid solution, it will not be limited in particular, but it is preferred that it is 
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within the limits of the above-mentioned ratio. 

[0028](1) The solution of the existing soluble eerie salt and zirconium salt is mixed in water, 
The method of drying and calcinating, a method of carrying out solid phase reaction of (2) 
cerium oxides and the zirconium oxide, (3) How to dip a cerium oxide in the solution of 
zirconium salt, and dry and calcinate, (4) At least one sort of titanium oxide, a silicon oxide, or 
activated alumina is impregnated in the solution of eerie salt and zirconium salt, After covering 
titanium oxide, a silicon oxide, activated alumina, etc. to the method of drying and calcinating, 
or (5) monolith structure carrier, the method of impregnating and calcinating [ dry and ] the 
solution of eerie salt and zirconium salt, etc. are mentioned, but. It can also change variously in 
process of catalyst preparation suitably in addition to the above. 

[0029]As for the cerium oxide used by this invention, it is preferred in the air that that crystallite 
diameter is 250 A or less after 900 ** and calcination of 10 hours, and the cerium oxide of this 
range has thermal stability, and raises the endurance of a catalyst. When a crystallite diameter 
exceeds 250 A, thermal stability is inferior and it is not desirable. A cerium oxide and a 
zirconium oxide measurement of this crystallite diameter depending on the case after at least 
one copy's preparing the granular material which is a composite or a solid solution after 
catalyst preparation, It measured and asked by calculation after 900 ** and calcination of 10 
hours in the air with the half breadth of the X diffraction chart obtained by the X-ray diffraction 
method. 

[0030]The cerium oxide and zirconium oxide whose at least one copy is a composite or a solid 
solution, It is preferred in the air that the oxygen consumption in 400 ** after the hydrogen 
reduction for 30 minutes is more than per [ cerium oxide 1g ] and a 5x10 " 5 mol (0 2 
conversion) at 500 ** after 900 ** and calcination of 10 hours. The endurance of a catalyst is 
low when oxygen consumption is less than per [ cerium oxide 1g ] and a 5x10 " 5 mol (0 2 
conversion). 

[0031]Measurement of oxygen consumption was performed using the usual flow system pulse 
form reaction apparatus. In the air, after 900 ** and calcination of 10 hours, at least one copy is 
filled up with the granular material of the specified quantity, and ranks the cerium oxide and 
zirconium oxide which are a composite or a solid solution second to this reaction apparatus, 
After letting inactive gas pass and returning for 30 minutes from hydrogen at 500 **, inactive 
gas was passed again, the temperature was lowered to 400 **, the pulse of oxygen was 
passed, the amount of consumption of oxygen at that time was measured, and the oxygen 
consumption of per cerium oxide 1g was calculated. 

[0032]Next, especially as titanium oxide concerning this invention, it is not limited and can use 
as titanium oxide by calcinating insoluble in water nature with an oxide, or a water-soluble salt. 
[0033]What formed two element systems and plural systems with titanium oxide, silicon, a 
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zirconium, cerium and the Al Cal earth metal oxide, and at least one sort of oxides chosen 
from aluminum can be used. 

[0034]When especially the amount of the titanium oxide used concerning this invention having 
few effects when it is less than 1g, and exceeding 150 g, even if 5-1 OOg are preferred 1-150 g 
per I. of catalyst, and it uses it more, the effect of balancing it is not seen. 
[0035]How to mix (1) titanium oxide itself with other catalytic activity ingredients as a method of 
using this titanium oxide, for example, (2) How to use the aquosity liquid of titanium and carry 
out impregnating support on activated alumina, On the other hand, to a cerium oxide and a 
zirconium oxide, (3) Or the method of using the aquosity liquid of titanium for both sides or its 
composite, and carrying out impregnating support, (4) It can mix with the aquosity liquid of 
titanium, and the aquosity liquid of the Al Cal earth metal oxide, dry calcination can be carried 
out, and the method of using as a mixture or a multiple oxide, etc. can be used. 
[0036]Next, although not limited especially as a silicon oxide concerning this invention, what 
will be alike, for example if oxide sol or various water soluble salt are calcinated, and serves as 
a silicon oxide more can be used. As these directions for use, to a cerium oxide, a zirconium 
oxide, titanium oxide, or activated alumina, independently, it can straddle and the above- 
mentioned aqueous solution etc. can be supported. 

[0037]Especially the amount of the silicon oxide used concerning this invention becomes what 
has the few improvement in activity corresponding to an addition, when 0.05-50 g per I. of 
catalyst of the addition effects are not acquired when 0.1-30g are preferred and is less than 
0.05g, and exceeding 50 g. 

[0038]the specific surface area of activated alumina concerning this invention - 10-400m 2 /g -- 
it is 50-300m 2 /g preferably. 10-300 g per I. of catalyst of the amount used is 50-250g 
preferably. That is, purification performance is low in it being less than 10g, and if 300 g is 
exceeded on the other hand, the back pressure of a catalyst rises and it is not desirable. Here, 
as for activated alumina, the crystal form says infinite form alumina, such as chi, rho, kappa, 
gamma, delta, eta, and theta. 

[0039]Next, as a method of preparing the catalyst concerning this invention, For example, the 
catalytic activity ingredient and activated alumina which carried out (1) above are put in block, 
and it is considered as aqueous slurry using a ball mill etc., How to cover to a monolith 
structure carrier, dry after that, calcinate as occasion demands, and make it into a completion 
catalyst, (2) The eerie salt which has solubility in water after covering activated alumina to a 
monolith structure carrier beforehand, This monolith structure carrier is immersed in the 
solution of zirconium salt, and it dries and calcinates, Subsequently, although there are the 
method of making aqueous slurry the activated alumina which supported the multiple oxide 
and each ingredient of a method and (3) above which support the remaining catalytic activity 
ingredients with the same procedure with a ball mill etc., covering to a monolith structure 
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carrier, drying after that, calcinating as occasion demands, and making it into a completion 
catalyst, etc., These methods are suitably changed by the facilities of work sequence, and are 
used. 

[0040]50-400 g of the amount of the sum total used of the catalytic activity ingredient to 1 I. of 
catalysts is 100-350g preferably. When it is less than 50g, purification performance is low, and 
when the quantity over 400 g is covered to the monolith structure carrier which is this support, 
the back pressure rises and it is not desirable. 

[0041]As a monolith structure carrier used for this invention, What is necessary is to be called 
a ceramic honeycomb carrier and especially Usually, cordierite, [just ] Mullite, alpha-alumina, 
zirconia, a titania, titanium phosphate, aluminum titanate, A honeycomb carrier made from 
petalite, spodumene, alumino silicate, a magnesium silicate, etc. is preferred, and especially 
the thing of the quality of cordierite is especially preferred as an object for internal-combustion 
engines. In addition, what was made into the integral-construction carrier using the heat- 
resistant metal of**** oxidation-resistance nature, such as stainless steel or a Fe-Cr-aluminum 
alloy, is used. These monolith structure carrier is manufactured by the extrusion molding 
method, the method of rolling and hardening a sheet-shaped element, etc. The forms of the 
gas passing port (the shape of a cell type) may be hexagon, quadrangle, triangle, or 
corrugation type any. If cell densities (the number of cells / unit sectional area) are 1 50-600 
cell / square inch, it will be usable enough and they will give a good result. 
[0042]After desiccation, preferably, the monolith structure carrier which covered the mixture 
which consists of said catalytic activity ingredient and activated alumina is 300-700 ** in 
temperature, is calcinated preferably for 0.2 to 3 hours, and acquires 200-800 ** of completion 
catalysts for 0.1 to 5 hours. 

[0043]Thus, the catalyst acquired is inserted in a converter and used for purification of the 
exhaust gas from internal-combustion engines, such as a car. 

[0044]Use the catalyst by this invention as a catalyst by the side of exhaust-gas-flow ON, and, 
on the other hand, (a) rhodium and platinum, or (b) rhodium, The catalyst (henceforth a 
"precious metal catalyst") which supports the mixture which consists of the catalytic activity 
ingredient and refractory inorganic oxide which consist of platinum and palladium to the carrier 
which has monolith structure may be arranged to the exhaust-gas-flow appearance side, and it 
may be made an exhaust gas cleaning system. 

[0045]The catalyst which supports the mixture which consists of the catalytic activity ingredient 
and refractory inorganic oxide which consist of (a) rhodium and platinum or (b) rhodium, 
platinum, and palladium conversely to the carrier which has monolith structure to the exhaust- 
gas-flow ON side. And the catalyst by said this invention may be arranged to the exhaust-gas- 
flow appearance side, and it may be made an exhaust gas cleaning system. 
[0046]As the precious metals used by the precious metal catalyst in the above-mentioned 
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exhaust gas cleaning system, it is (a) rhodium and platinum or (b) rhodium, platinum, and 
palladium, and 0.1-10 g per I. of catalyst of these amount used is 0.3-5g preferably. When it is 
less than 0.1g, decontamination capacity is low, and when exceeding 10 g, there are few 
effects of balancing an addition. 

[0047]As a refractory inorganic oxide used by a precious metal catalyst, additives, such as 
activated alumina, silica, a titania, a cerium oxide, a zirconium oxide, an alkaline metal, 
alkaline-earth metals, a rare earth metal, iron, cobalt, and nickel, can be added with the gestalt 
of metal, a metallic oxide, etc. They are activated alumina, a cerium oxide, and a zirconium 
oxide preferably among these additives. 

[0048] 10-350 g per I. of catalyst of quantity of the refractory inorganic oxide used is 20-250g 
preferably. 

[0049]As an integral-construction carrier used for the catalyst by the side of exhaust-gas-flow 
ON, and the catalyst by the side of exhaust-gas-flow appearance, Usually, as long as it is an 
integral-construction carrier used for the catalyst for exhaust gas purification, which thing may 
be used, for example, they are used by integral-construction carriers, such as a honeycomb 
type and a corrugated type, and the construction material, Metal integral-construction carriers, 
such as a product made from ceramics which may be which thing as long as it has 
refractoriness, for example, has refractoriness, such as cordierite, and ferrite series stainless 
steel, are used. 

[0050]the volume ratio of the catalyst by the side of exhaust-gas-flow ON, and the catalyst by 
the side of exhaust-gas-flow appearance - 100:1-1:100 - it is 50:1 - 1:50 preferably. When it 
is less than 100:1, and when exceeding 1:100, the improved efficiency by combination is not 
shown. 

[0051 ]The catalyst by the side of exhaust-gas-flow ON and the catalyst by the side of exhaust- 
gas-flow appearance can be installed in the same catalytic converter, and the shape of an 
exhaust pipe, the shape of a catalyst, etc. can separate respectively suitably, and they can 
also be neglected. 

[0052]Unless the catalyst by the side of exhaust-gas-flow ON and the catalyst by the side of 
exhaust-gas-flow appearance have trouble in the rise etc. of the back pressure of the place 
which the number of does not need to be one respectively and the shape of an exhaust pipe 
and a catalyst install, and exhaust gas, it can also be used respectively, being able to divide 
the catalyst by the side of exhaust-gas-flow ON, and the catalyst by the side of exhaust-gas- 
flow appearance into two or more catalysts. 
[0053] 

[Example]Although an example explains concretely below, unless it is contrary to the meaning 
of this invention, it is not limited to these examples. 

2 

[0054]To the cerium oxide (Ce0 2 and specific surface area 149m /g) of example 1 marketing, 
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mix so that it may become 10/1 (the sum total of Ce0 2 and Zr0 2 is 100g) by the ratio of 
Ce0 2 /Zr0 2 , and oxy zirconium nitrate solution After desiccation, It calcinated at 500 ** for 1 
hour, and a 100-g granular material (Ce0 2 and ZrC» 2 ) was obtained. 
[0055]The above-mentioned granular material and 100 g of titanium oxide (specific surface 
area 50m 2 /g), Activated alumina (gamma-aluminum 2 C» 3 and the mean particle diameter of 45 

micrometers) the silica contained 4g by specific surface area 155m 2 /g96g and silica 
conversion - sol - solution, the palladium nitrate solution which 4g of palladium contains, and 
the barium acetate 16.7g were added, wet milling was carried out with the ball mill, and the 
water-soluble slurry was prepared. It dried and calcinated and the completion catalyst was 
acquired, after immersing and taking out the monolith carrier made from cordierite (outer 
diameter [ of 33 mm ] x76 mm in length) which has cross-section area 400 cells per square of 
1 inch to this slurry and blowing away the superfluous slurry in a cell by compressed air. 
[0056]ln example 2 Example 1 , the completion catalyst was acquired like Example 1 except 20 
g and activated alumina having changed the quantity of titanium oxide and activated alumina 
into 176 g, as for titanium oxide. 

[0057]ln example 3 Example 1, the completion catalyst was acquired like Example 1 except 
180 g and activated alumina having changed the quantity of titanium oxide and activated 
alumina into 16 g, as for titanium oxide. 

[0058]ln example 4 Example 1, the completion catalyst was acquired like Example 1 except 
having changed titanium oxide (specific surface area 50m 2 /g) into titanium oxide (specific 
surface area 10m 2 /g). 

[0059]ln example 5 Example 1 , the completion catalyst was acquired like Example 1 except 60 
g and activated alumina having changed the quantity of silica and activated alumina into 36 g, 
as for silica. 

[0060]ln example 6 Example 1 , the completion catalyst was acquired like Example 1 except 
0.4 g and activated alumina having changed the quantity of silica and activated alumina into 
99.6 g, as for silica. 

[0061]ln example 7 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the barium acetate 16.7g into 133.6 g. 

[0062]ln example 8 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the barium acetate 16.7g into 0.83 g. 

[0063]ln example 9 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the barium acetate 16.7g into the calcium acetate 28. 2g. 
[0064]ln example 10 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the barium acetate 16.7g into the strontium acetate 19.8g. 
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[0065]ln example 11 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the ratio of Ce0 2 /Zr0 2 into 10/1 (the sum total of Ce0 2 and Zr0 2 is 30g). 

[0066]ln example 12 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the ratio of Ce0 2 /Zr0 2 into 10/1 (the sum total of CeC> 2 and ZrC> 2 is 160g). 

[0067]ln example 13 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the ratio of Ce0 2 /Zr0 2 into 10/3 (the sum total of Ce0 2 and Zr0 2 is 100g). 

[0068]ln example 14 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the ratio of Ce0 2 /Zr0 2 into 25/1 (the sum total of Ce0 2 and Zr0 2 is 100g). 

[0069]ln example 15 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the barium acetate 16.7g into the magnesium acetate 35. 3g. 
[0070]ln example 16 Example 1, the completion catalyst was acquired like Example 1 except 
changing the palladium nitrate solution which 4g of palladium contains into the palladium 
nitrate solution which 2g of palladium contains. 

[0071]ln example 17 Example 1, the completion catalyst was acquired like Example 1 except 
changing the palladium nitrate solution which 4g of palladium contains into the palladium 
nitrate solution which 16g of palladium contains. 

[0072]ln example 18 Example 1, the completion catalyst was acquired like Example 1 except 
changing the palladium nitrate solution which 4g of palladium contains into the palladium 
nitrate solution which 40g of palladium contains. 

[0073]ln example 19 Example 1, the completion catalyst was acquired like Example 1 except 
having changed the ratio of Ce0 2 /Zr0 2 into 10/1 (the sum total of CeC» 2 and ZrC» 2 is 260g). 

[0074]ln comparative example 1 Example 1, the completion catalyst was acquired like 
Example 1 except having removed barium acetate. 

[0075]ln comparative example 2 Example 1 , the completion catalyst was acquired like 
Example 1 except having removed titanium oxide. 

[0076]ln comparative example 3 Example 1, the completion catalyst was acquired like 
Example 1 except having removed silica. 

[0077]ln comparative example 4 Example 1, the completion catalyst was acquired like 
Example 1 except having removed oxy zirconium nitrate. 

[0078]The activated alumina 200g which used the mixed solution of the palladium nitrate 
solution containing 2.25g of comparative example 5 palladium and the nitric acid rhodium 
solution containing 0.22g of rhodium in Example 1 is impregnated, The completion catalyst 
was acquired for the granular material produced by drying and calcinating, and the cerium 
oxide 100g used in Example 1 like Example 1 after wet milling with the ball mill. 
[0079]The granular material which carried out impregnating support of the activated alumina 
200g used for the solution which mixed the dinitrodiamine platinum solution containing 2.25g of 
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comparative example 6 platinum, and the nitric acid rhodium solution containing 0.22g of 

rhodium in Example 1, and the cerium oxide 100g which used in Example 1 with a ball mill 

After wet milling, The completion catalyst was acquired like Example 1. 

[0080]Thus, the holding amount of each catalyst component per I. of the catalyst of the 

example and comparative example which were acquired was shown in Table 1. 

[0081] 

[Table 1] 
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[0082]The catalytic activity after an engine durable run of the catalyst to Example 20, next 
Examples 1-19 and the catalyst to the comparative examples 1-5 was investigated. 
[0083]The engine (8 cylinders 4400 cc) of the commercial electronic control method was used, 
the multi-converters filled up with each catalyst were formed successively to the engine 
exhaust system, and the torture test was done. The engine aged the catalyst for steady 
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operation 60 seconds for 50 hours on the conditions from which it will operate by the mode 
operation of slowdown 6 seconds (fuel is cut at the time of a slowdown and a catalyst is 
exposed to the severe conditions of high-temperature-oxidation atmosphere.), and catalyst 
inlet gas temperature will be 900 ** at the time of steady operation. 

[0084]The engine (1800 cc of 4-cylinders) of the commercial electronic control method was 
used, and evaluation of the catalyst performance after aging was performed by forming 
successively the multi-converters filled up with each catalyst to an engine exhaust system. The 
conditions of the catalyst inlet gas temperature of 400 ** and space-velocity 90,000hr" 1 
estimated the 3 yuan performance of the catalyst. Under the present circumstances, a 1-Hz 
sine wave type signal is introduced into an engine control unit from an external oscillator, The 
average air-fuel ratio was changed continuously, vibrating an air-fuel ratio (A/F) at **1.0 A/F 
and 1 Hz, the catalyst inlet at this time and the outlet gas presentation were analyzed 
simultaneously, and, in the average air-fuel ratio, A/F searched for the purifying rate of COs 
from 15.1 to 13.1, HC, and NOx. 

[0085]The purifying rate versus entrance air-fuel ratio of CO, HC, and NOx for which it asked 
as mentioned above is plotted in a graph, HC purifying rate [ in / the characteristic curve of 3 
yuan is created and / the purifying rate, and A/F value of an intersection of the purifying rate 
node (it is called a crossover point) of CO and NOx ] - A/F showed the decontamination 
capacity of NOx of 13.8 (engine exhaust gas gas is rich) in Table 2 further. 
[0086]While an air-fuel ratio makes it vibrate on condition of **0.5 A/F (1 Hz), the purification 
performance in the low temperature of a catalyst, Fix A/F to 14.6 for an average air-fuel ratio, 
operate an engine, and a heat exchanger is attached in front of the catalytic converter of 
engine exhaust systems, Catalyst inlet gas temperature was continuously changed to 200 ** - 
500 **, the catalyst inlet and the outlet gas presentation were analyzed, and it evaluated by 
searching for the purifying rate of CO, HC, and NOx. The temperature (light-off temperature) in 
50% of the purifying rate of CO and HC which were calculated as mentioned above, and NOx 
was measured, and it was shown in Table 2. 
[0087] 
[Table 2] 
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9 5 


9 6 


8 9 


3 2 8 


3 3 2 


3 2 2 


£!fiWI 1 8 


10 0 


10 0 


9 3 


2 84 


2 8 6 


2 9 5 


nmw 1 9 


9 0 


9 3 


8 1 


3 4 5 


3 4 9 


3 5 6 


ifcttW 1 


8 5 


8 9 


2 5 


4 11 


4 1 9 


4 0 1 


ib«W 2 


8 5 


9 2 


8 0 


3 6 6 


3 7 0 


3 7 7 


ifc^ffl 3 


88 


9 2 


7 4 


3 56 


3 6 0 


367 


Jt«« 4 


8 0 


8 9 


7 3 


3 9 8 


4 0 0 


4 0 7 


Jt«W 5 


7 3 


8 3 


6 5 


4 0 1 


4 1 0 


3 9 8 


Jtttfll 6 


6 8 


8 0 


5 0 


4 1 1 


4 2 0 


4 0 3 



SI) CO-NOx; COiHL^ffi»£NOxiHb$ft»£«D£A 



[0088]The result of Table 1 and 2 showed that the catalyst indicated by this invention was only 
palladium, excluding rhodium as the precious metals, and could remove three ingredients, CO, 
HC, and NOx, simultaneously. 

[0089]Furthermore, from the result of Table 2, engine exhaust gas gas is excellent in the 
purifying rate (A/F is a value of NOx of 13.8) of NOx by the side of rich, and is low temperature 
still more remarkably, and the catalyst indicated by this invention also understood that the 
simultaneous removal (value of light-off temperature) of the three ingredients, CO, HC, and 
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NOx, could be carried out. 

[0090]The crystallite diameter of Ce0 2 and oxygen consumption were measured in a 21 or 
less-example procedure. 

[0091]Oxy zirconium nitrate solution by the ratio of CeC» 2 /Zr0 2 to the cerium oxide used in 

example 21 A example 1, respectively 100/4 (sample NO. a), It mixes so that it may be set to 
100/10 (sample NO.b), 100/30 (sample NO.c), and 100/50 (sample NO.d), and it calcinates at 
500 ** after desiccation. 

Then, it calcinated at 900 ** in the air for 10 hours. 
The sum total of Ce0 2 and Zr0 2 of these is 20g. 

[0092] Exam pie 21 B cerium nitrate solution and oxy zirconium nitrate solution were mixed so 
that it might become 100/10 (sample NO.e) by the ratio of Ce0 2 /Zr0 2 , and it dried, and 

calcinated at 500 ** for 1 hour. Then, it calcinated at 900 ** in the air for 10 hours. 
[0093]The cerium oxide 20g used in example 21C example 1 was calcinated at 900 ** in the 
air for 10 hours (comparison sample f). 

[0094]The X diffraction of the sample obtained in measurement examples 21 A, 21 B, and 21C 
of the crystallite diameter was measured, and it asked for the crystallite diameter of the cerium 
oxide. The result was shown in Table 3. Only by ordinary temperature processing, although 
high temperature durability is required, since it is hard to evaluate high temperature durability 
existence, the purpose of measurement of this crystallite diameter usually performs a catalyst 
for evaluation of whether the cerium oxide in the time of an elevated temperature, the 
composite of a zirconium oxide, etc. are effective. As the condition, 900 ** and calcination of 
10 hours are performed in the air. 

[0095]Fill up the usual flow system pulse form reaction apparatus with the sample obtained in 
measurement examples 21 A, 21 B, and 21C of oxygen consumption, and it ranks second, After 
letting gaseous helium pass and carrying out reduction processing for 30 minutes from 
hydrogen at 500 **, After passing gaseous helium for 15 minutes again and lowering the 
temperature to 400 ** under the atmosphere subsequently, the pulse of oxygen of the specified 
quantity was passed, the amount of consumption of oxygen at that time was measured, and 
the oxygen consumption per g of a cerium oxide was calculated. This result was shown in 
Table 3. 
[0096] 
[Table 3] 
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C e 0 2 


{xlO" 5 U O2 
/gCe0 2 ) 


at^No. a 


2 1 0 


6 


StfclNo. b 


14 0 


1 9 


St^No. c 


13 5 


2 0 


a*4No. d 


138 


1 9 


SC^No. e 


13 7 


1 9 


f**4No. f 


4 9 9 


1 



[0097]As Table 3 shows, in 900 ** oxygen environment, it turns out that the cerium oxide is 
stabilized with the zirconium oxide. 

[0098]ln a 22 or less-example procedure, the catalyst was prepared and the purifying rate of 
CO of a completion catalyst, HC, and NOx was measured. 

[0099]The catalyst acquired in preparation examples 1 of the catalyst was made into 
completion catalyst (I). 

[0100]Subsequently, the granular material which carried out impregnating support of the 
activated alumina 200g used for the solution which mixed the dinitrodiamine platinum solution 
containing 1.67g of platinum, and the nitric acid rhodium solution containing 0.33g of rhodium 
in Example 1, And the cerium oxide 100g used in Example 1 was added, and completion 
catalyst (II) was obtained like the above-mentioned procedure after wet milling with the ball 
mill. 

[0101]The catalyst which corresponds to an example combining completion catalyst (I) and (II) 
which were obtained by catalyst preparation of the purifying rate measurement above of a 
completion catalyst, that is, About three kinds of combination of preceding paragraph catalyst 
(II) and latter-part catalyst (II) which is the combination (3) of preceding paragraph catalyst (I) 
which is the combination (1) of an example, latter-part catalyst (II), preceding paragraph 
catalyst (II) which is (2) in combination, latter-part catalyst (I), and a comparative example. 
With the same valuation method as Example 20, the result of having searched for the purifying 
rate of CO, HC, and NOx was shown in Table 4. 
[0102] 
[Table 4] 
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A/F*<14. 2 














7-f CO 


ifl£-t± 


*Ht$ (*) 
















C0-N0i 


H C 


c 0 


H C 


NOx 


C 0 


H C 


NO x 


<i) 


9 3 


9 5 


3 6 


7 2 


9 3 


3 34 


3 3 3 


3 5 1 


(2) 


9 3 


9 5 


3 6 


6 8 


9 3 


3 34 


3 4 3 


3 5 2 


(3) 


8 7 


8 9 


3 6 


54 


8 6 


3 7 3 


3 7 8 


3 6 5 



[0103] 

[Effect of the lnvention]The catalyst for exhaust gas purification and exhaust gas cleaning 
system by this invention can remove three ingredients, CO, HC, and NOx, from the former 
simultaneously in a small quantity extremely, without using rhodium. 

[0104]By carrying out a direct action to palladium and changing the charge state, the addition 
effect of an alkali earth metal oxide can improve reactivity, and can raise NOx decontamination 
capacity also in the state with rich engine exhaust gas gas which is a problem of a palladium 
catalyst. 

[0105]ln addition of a silicon oxide, the above-mentioned exhaust gas makes remarkable NOx 
decontamination capacity by the side of rich. The aforementioned effect not only improves 
more, but by using a cerium oxide and a zirconium oxide, improvement in the decontamination 
capacity of CO near the stoichiometry, HC, and NOx is found. The aforementioned effect 
improves by leaps and bounds by adding titanium oxide. 



[Translation done.] 
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